Twenty-four-day old female rats were injected with 25 mg recombinant leptin twice daily for 24, 48, 72, or 93 h. Periovarian fat contained signi®cantly greater amounts of aromatase mRNA at 72 and 93 h and estradiol at 72 h after leptin treatment as compared to the ovary. On the other hand, there was an increase in testosterone at 72 h and progesterone at 72 and 93 h after leptin in the ovary as compared to periovarian fat. Cholesterol side chain cleavage and 17a-hydroxylase mRNA were found only in the ovary and not periovarian fat. Thus, periovarian fat has a greater capacity to synthesize estrogen than the ovary in the immature rat and adipose tissue may serve as the primary source of estrogen in the prepubertal period which results in the onset of puberty.
Introduction
Estradiol regulates the synthesis of FSH receptors, making the follicle more sensitive to FSH while FSH induces aromatase and increases estradiol synthesis. This interaction of estradiol and FSH results in follicular growth and development and prepares it for ovulation.
1 Onset of puberty is more closely related to body mass than age.
2 Estrogen administration also advances the onset of puberty. There is increasing evidence that the adipocyte hormone leptin increases prior to the onset of puberty 3 and leptin has been shown to advance puberty. 4 The purpose of this study was to determine if leptin acting on periovarian fat or the ovary stimulated the initial production of estradiol that was essential for interaction with FSH for follicular growth and differentiation leading to puberty.
Methods
Twenty-four-day old female rats were divided into 5 groups of 11 rats each. They received either saline or 25 mg recombinant leptin twice daily for 24, 48, 72, or 93 h. Steroid content of the ovary and periovarian fat was measured by ether extraction followed by radioimmunoassay. Total RNA was extracted using TriReagent. After working out the conditions of hybridization with 32 P-labeled cDNA probes for aromatase, cholesterol side chain cleavage and 17a-hydroxylase, the measurements were carried out by dot blot hybridization, exposure to X-ray ®lm and quanti®ed using a densitometer with a digitizing computer program. b-actin was used to standardize for RNA transfer. One-way ANOVA followed by Student ± Newman ± Keuls multi-range test was used to determine signi®-cant differences.
Results and discussion
Progesterone levels were signi®cantly greater (P`0.05) in the ovary as compared to periovarian fat in the controls and 72 and 93 h of leptin treatment (Table 1) . Similarly, testosterone levels were greater in the ovary (P`0.05) as compared to periovarian fat at 72 h after leptin treatment while no difference was found at other times (Table 1 ). In sharp contrast to progesterone and testosterone, estradiol content appeared to show a tendency to be higher in periovarian fat as compared to the ovary and the 72 h time point of leptin treatment showed a statistically signi®cant increase (P`0.05). This also is different from the adult rat in which the ovary is the major source of estrogen production.
Since the hydrophobic nature of gonadal steroids permit them to be taken up by fat, it was important to determine whether adipose tissue could also be the site of synthesis. A measurement of the mRNA levels of cholesterol side chain cleavage, 17a-hydroxylase and aromatase in ovarian tissue and periovarian fat showed the presence of 17a-hydroxylase and cholesterol side chain cleavage mRNA in the ovary but not periovarian fat (Table 1 ). The mRNA expression of these enzymes did not change with leptin treatment. On the other hand, aromatase mRNA was present in both the ovary and periovarian fat. Furthermore, aromatase mRNA levels were increased in periovarian fat in controls and 72 and 93 h after leptin treatment (Table 1) . This ®nding along with a signi®cant increase in estradiol content of periovarian fat as compared to the ovary strongly indicates periovarian fat to be a site of estradiol synthesis. Estrogen receptor and aromatase mRNA has also been found in human adipose tissue.
5
The administration of estradiol has been shown by several investigators to advance puberty. The literature on the gonadotropic regulation of folliculogenesis points to an initial presence of estradiol which acts in concert with FSH for growth and development of the ovarian follicle.
1 The source of this initial estradiol, however, is unknown. Whereas the data presented in this study is preliminary regarding the role of leptin in stimulating periovarian fat estradiol production, this study clearly establishes estrogen production based on estrogen content and aromatase mRNA, in periovarian fat in greater quantities than the ovary in the immature rat. It also provides the intriguing possibility that periovarian fat may be responsible for providing the initial amount of estradiol needed for the ovary to become responsive to FSH during the onset of puberty. This concept would also explain the relationship between body mass and the onset of puberty. Steroid content (estrogen, progesterone, and testosterone) was determined by homogenizing the ovaries (O) and periovarian fat (PF) from each animal (n 6) and quanti®ed by radioimmunoassay; protein content was used to correct for differences in tissue weight. Total RNA isolated from ovaries and periovarian fat (n 5) was ®xed to a nylon membrane and hybridized with respective cDNA probes (cholesterol-side-chain cleavage (CSCC), 17a-hydroxylase (17a-OHase), and aromatase). b-actin was used to standardize for RNA transfer. The steroid content and mRNA levels are the means AE s.e.m. and the results were analyzed by one-way ANOVA followed by Student ± Newman ± Keuls multi-range test. Statistical signi®cance (P`0.05) in ovaries or periovarian fat at each time point is denoted by an asterisk.
